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Abstract— Vocabulary growth is an important element for language learning but it requires repeated and varied exposure to the new 
words and their usage in different context. However preparing suitable learning content for effective language learning remains a 
challenging and time-consuming task. This paper reports the experience of designing and developing a m-Learning platform (named 
LingoSnacks) for semi-automatic preparation of content for language learning using Natural Language Processing (NLP) services. 
LingoSnacks Authoring Tools provide an environment of assisted authoring of learning content and delivering it to the learner in game-
like interactive learning activities. Empirical testing results from teachers who used LingoSnacks indicate that the participants were 
able to ease their lessons preparation tasks. Also the resulting learning packages helped learners in vocabulary acquisition as the 
number of new vocabulary that they can recognize, recall and retain was significantly higher that participants who just used 
conventional lessons in a classroom. 
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I.  INTRODUCTION 
Interest in learning Arabic is on the rise. However, learning it is a difficult task that involves significant and repeated effort to build 
enough vocabulary of high-frequency words to be able to engage in meaningful conversations. Moreover, traditional 
lecturing/teaching methods based on memorization and outdated resources are becoming ineffective. Hence language learning can 
become difficult and uninteresting. Also there is a lack of affordable high quality and readily available learning resources. While 
the way people learn has changed dramatically, the traditional language learning methods did not evolve at the same pace. Today’s 
students have grown up completely immersed in technology using mobile gadgets, computers, internet and Facebook: these are the 
ways they learn and interact with their world. They need a learning experience made for the way they learn. This new generation of 
learners needs a new kind of study aids that can help them engage and enjoy the learning experience. English learners have several 
systems like SpellingCity.com and dynamo.dictionary.com [2, 3, 4, 5] available at their reach, yet; that is not the case for Arabic. 
Increasing affordability and advanced features of mobile devices have extended their role from communication tools to 
socialization, entertainment and learning. Internet-enabled mobile devices are increasingly used for enhancing the learning 
experience particularly for language learning. They can be exploited to allow learners to access and interact with multimedia 
learning resources from anywhere and at any time while offering an enhanced user experience [1]. With that in mind, Mobile 
Learning (mLearning) can be considered as a new educational paradigm that can guarantee a useful and continuous language 
learning practice [9]. For this reason, Mobile Assisted Language Learning (MALL) applications were continuously developed for 
over a decade to support language acquisition skills [9].  
In our LingoSnacks learning platform, we advocate a micro-learning methodology: short learning activities through 
interaction with micro-content objects for short sessions that can be chained into significant learning programs. LingoSnaks also 
aims is to ease the preparation of learning content by leveraging a range of Arabic Natural Language Processing (NLP) services 
that can perform several tasks such as morphology analysis, searching dictionaries and other services. Many existing and popular 
Arabic Natural Language Processing (NLP) [6] tools were extended for the implementation of the NLP services. 
LingoSnacks offers several benefits and holds the potential to considerably support Arabic learners by providing a community 
for teachers to share and reuse content that can be updated, retrieved and exchanged seamlessly. The posted content is used by 
LingoSnacks mobile application offering game-like learning activities enriched with interactive multi-media content such as text, 
photos and videos.  
II. LINGOSNACKS OVERVIEW 
LingoSnacks is a mLearning framework for preparing and delivering learning content to ease Arabic language learning using 
game-based micro-learning approach for language vocabulary acquisition. The design and evaluation of the learner components 
of LingoSnacks were reported in a [7] and [8]. This paper focus on the design and evaluation of the teacher components. As 
shown in Figure 1, LingoSnacks is comprised of three major elements. 
The first element is the LingoSnacks Authoring Tool used for semi-automated Learning Content authoring. The tool provides 
access to relevant Natural language resources and services (such as Dictionary lookup, Stemming, Parts of speech tagging, and 
Text2Speech services) to ease creating rich learning content. The Authoring Tool allows the content creator to author, publish and 
share the content with others by providing a list of words with associated definitions and example sentences, assign appropriate 
multimedia illustrations to the words and sentences. The author can also attach other related linguistic information such parts of 
speech for the sample sentences. The learning content is organized into packages that are pushed to the LingoSnacks content 
server. The learner can explore available learning packages, download desired ones and engage in a range interactive learning 
activities and games based on the content of the selected package. 
 
Figure 1. LingoSnacks Deployment Diagram 
The second element is the Learning Delivery platform that manages the learning content and learners’ performance. This is a 
cloud hosted service that manages the Learning Packages published from the authoring tool. It also manages the delivery of the 
learning content to the Learners.  
The third element is LingoSnacks Mobile App provides interactive Game-based learning activities to enable learners to 
acquire new linguistic skills in playful manner. Currently we are targeting modern devices with multitouch technologies such 
Android and iOS devices. The Mobile App allows searching and downloading learning packages and keeping them up-to-date 
whenever a new version is available. Also the mobile app allows the users to evaluate learning packages. The app also tracks the 
learner’s performance. 
The significant features of LingoSnacks can be summarized as to:   
 Allow content creators to semi-automatically author learning content and publish it to learners and/or share it with other users. 
Basically, the content author provides a list of words to be studied. Then the system suggests the word definition(s) and sample 
sentence(s) to help learn the spelling and enrich the student’s vocabulary. The sentences generation uses a range of machine-
readable dictionaries and Arabic corpuses [6]. To enrich the learning content, the content creator can also get further help from 
the range of Natural Language Processing (NLP) services provided by the platform such as stemming and parts of speech 
tagging. 
The content provided by the content author in a semi-automated way is the input for the learning activities/games discussed 
below. The learning content is arranged into packages that are stored in a searchable repository to ease delivery to students. The 
learning packages can be classified by age-groups/grade levels (e.g., Elementary School, Middle School, High School) and by 
academic subjects (e.g., science, history, business).  
 Allow the learner to select and download the desired learning packages containing set of words to practice along with the 
associated resources (i.e. recorded audio pronunciation, illustrative photos, and part of speech tags). Then, according to the 
downloaded content, the system can offer a variety of learning activities/games to practice spelling and vocabulary acquisition. 
As for the major learning activities, they can be described as follows: 
o Sentence Unscramble: the system scrambles the words of a sentence and the user has to re-order them to build a correct 
sentence.  
o MatchIt sentences: the system will provide sentences with missing words and the user has to match the word with the correct 
sentence in order to fill-in the blank. 
o MatchIt definitions: similar to the MatchIt sentences activity, but here instead of filling the blank the user has to match 
between a word and its corresponding definition.  
o Which Parts of Speech: the system will offer a complete sentence and several parts of speech tags, the user then will have to 
select a word in the sentence and immediately select it’s corresponding part of speech tag, if the choice is correct both the 
word and its part of speech will disappear.  
Several learning activities in LingoSnacks are inspired from SpellingCity.com but the current focus of LingoSnacks is 
Arabic. Moreover the system is designed to allow adding more learning activities/games. Although the existing prototype 
focuses on Arabic, the platform is generic can easily support other languages due to easy portability and extensibility. 
 
Figure 2. Navigation Design of the User Interface of LingoSnacks Authoring Tool 
LingoSnacks uses a Layered Architecture Pattern. The solution is decomposed into three layers with unique roles, so we have the 
UI Layer, the Services Layer and the Resources Layer. 
(1) The UI Layer includes: LingoSnacks Authoring Tool which is used by the content creator to author and publish the learning 
package.  The Learning Package Editor is developed as a Windows 8 Metro style application.  
And The LingoSnacks App allows the learner to explore available learning packages, download desired ones and engage in a 
range interactive learning activities/games. The current LingoSnacks App prototype is developed using Silverlight for Windows 
Phone 7 but porting to other platforms is planned. 
(2) Service Layer: Various NLP Cloud Services are provided to ease the creation of content. For example the sentences generation 
uses a range of machine-readable dictionaries and language corpuses. To enrich the learning content, the content creator can also 
get further help from the range of NLP services provided by the platform such as stemming, part of speech tagging and speech 
synthesis. These services are implementation using Java EE and reply on several open source implementations particularly 
Alkhalil Arabic Morphology System [18].  
(3) Resources Layer includes: Data used by our LingoSnacks system, such as the details of available Learning Package, are stored 
and managed by SQL server database. 
The layered architecture was selected to achieve the following benefits: 
 Availability: Servers in each layer can be duplicated, so that if one fails, others remain available. For example if  the content 
author requests one of the NLP services, if one instance of these services was unavailable then he can be, without his 
knowledge, redirected to a replica copy that can satisfy the request.  
 Modifiability: Separation of concerns enhances modifiability, as the UI Layer, Services and Resource Layer are all clearly 
encapsulated. Each can have its internal logic modified in many cases without changes rippling into other layers. 
 Performance: The layered architecture has proven high performance. 
 Scalability: As servers in each layer can be replicated the architecture scales well. In practice, the data management tier often 
becomes a bottleneck on the capacity of a system. 
Some of the key issues to consider are the speed of connections between the layers and the amount of data that is transferred. 
Hence, it makes sense to minimize the calls needed between layers to fulfill each request. 
 
III. LINGOSNACKS NLP SERVICES 
The key feature of LingoSnacks platform is to allow teachers to semi-automatically author learning content and publish it to 
students and/or share it with other users. Basically, the teacher provides a list of words to be studied. Then the system suggests the 
word definition(s) and sample sentence(s) to help learn the spelling and enrich the student’s vocabulary. The sentences generation 
will use a range of machine-readable dictionaries and Arabic corpuses [6, 31, 32]. To enrich the learning content, the teacher can 
also get further help from the range of NLP services provided by the platform. 
LingoSnacks platform relies on seven NLP services for authoring learning content: StemmerService, DictionaryService, 
DiacritizationService, PartOfSpeechService, ContentService, LearningPerformanceService and TextToSpeechService. Their 
interfaces are shown in Figure 3. 
 
Figure 3. Interfaces of key NLP services 
The following sections provide a brief description of the NLP services and how they are implemented. 
Stemmer Service: The Stemmer Service is used to reduce a word to its root or stem. The purpose of doing that is to use the 
obtained root in other services such as looking up the meaning of the word in the dictionary [25]. The implementation of this 
service relies on Alkhalil Arabic Morphology System [18] open source tool. The merits of this tool is that it not only shows the 
roots of the words, it also diacritize it and shows many other grammatical analysis information. For further usage, such valuable 
information can be extracted and incorporated in other services that the instructor may need. 
Dictionary Service: This service allows a lookup of an Arabic to Arabic dictionary to provide the meaning any Arabic word. The 
most appropriate dictionary we have found is the Interactive Arabic Dictionary [17] however it does not provide the promised 
programmatic API yet. We might consider accessing it using screen scaring techniques alternatively we can explore other 
dictionaries such as Arabic WordNet [26].  
Text to Speech Service: The Text-To-Speech Service is used to convert written text into voices to give the user the ability to hear 
the accurate pronunciation of Arabic written text. For the implementation of this service we will use Acapela SDK [27]. Acapela 
offers several Development Kits for a diversity of platforms. Arabic audio in Acapela comes in four different male and female 
voices, with clear pronunciation and the ability to download and playback audio files in many formats. The text-to-speech service 
is used to auto-read the generated sentences. The teacher can override the generated speech by recording their own audio 
pronunciation. 
Diacritization Service: When it comes to the Arabic language, there are some characteristics that highly distinguish between it 
and other languages; one of these traits is the diacritization, which means adding diacritics to words to show how they are spelled 
or pronounced. In Arabic, it is crucial to diacritize words for better understanding, since many words are spelled the same but 
hold different meaning, here comes the use of the Diacritization Service as an aid for the Text to Speech Service, because for 
sentences to be read or pronounced in Arabic, they must be properly diacritized based on each word’s position in the sentence  
[28]. This service is implemented based on Alkhalil Arabic Morphology System [18]. The good thing about Alkhalil tool is that it 
provides all diacritization possibilities for a given Arabic sentence. Diacritization adds disambiguating short-vowel diacritics to 
the generated sentences. The teacher can fix the generated diacritization. 
Parts of Speech Service: The part-of-speech service assigns a lexical class marker (e.g., verb, subject, object) to each word in a 
sentence. This service is implemented based on Alkhalil Arabic Morphology System [18]. The latter provides the part of speech 
possibilities for a given input sentence. Part of speech tagging service is used for tagging sample sentences with the ability of the 
teacher to override the generated results. 
The content provided by the teacher in a semi-automated way is the input for the learning activities/games provided by 
LingoSnacks mobile application. The authored learning content is organized into packages that are stored in a searchable 
repository to ease delivery to students using Internet and mobile technologies. The instructor can also add photos and videos to 
the Learning Package and associate them with particular words. The learning packages can be classified by age-groups/grade 
levels (e.g., Elementary School, Middle School, High School) and by academic subjects (e.g., science, history, business). The 
Learning Package key entities are shown in Figure 4. 
 
Figure 4. Learning Package key entities 
The process for authoring and publishing a Learning Package is depicted in the state diagram shown in Figure 5. The diagram 
shows the Learning Package possible states and the events that can occur when a learning package is Under Preparation, 
Submitted for Review, Under Review, Returned, Active or Inactive.  
 
 
Figure 5 Learning Package State Diagram 
Figure 6 shows the System Sequence Diagram for the ‘Get word definitions’ use case. To achieve this use case, the instructor 
requests the word definitions from the Dictionary Service. The latter uses the Stemmer Service to get the stem of the word before 
doing a dictionary lookup. A proxy pattern is used to hide the communication details with the remote services.  In order to get the 
list of example sentences from the Dictionary Service, the Stemmer Service gets the stems of words first, then the Dictionary 
Service communicates with other services such as Al-Waseet Dictionary or the Quran Lookup Service to get example sentences. 
The Dictionary Service acts as a façade to other services, while the proxy pattern is used as well to hide the communication 
details with the Stemmer Service. 
 
Figure 6. Get word definition Sequence diagram 
IV. EVALUATION 
As shown in Figure 2, we developed a Windows 8 version of LingoSnacks.  In order to evaluate the usability of the prototype 
and gather users' feedback, we have used a simplified questionnaire using a five-point Likert Scale (1= Strongly disagree up to 5= 
Strongly agree). We asked 12 kids between the ages of 9 to 12 years to use the tool for a period of time for vocabulary learning. 
None of 12 students had used a mobile assisted language learning before. As shown in Figure 7, most of the participants liked the 
application and tried all the activities. They enjoyed using them and they expressed interested to continue using LingoSnacks. 
Only two girls were not satisfied because they did not like the colors used in the application. We plan to enhance our mobile 
application to support themes so that the user can change the color scheme used by the application. The students were assisted to 
answer a usability questionnaire. The key results are shown in Table 1. The evaluation revealed that the perceived usefulness of 
LingoSnacks is high and helped boost interest in learning. The majority of participants had a positive attitude towards mobile 
learning as a complement to their formal learning experience in class. They showed enthusiasm to continue self-learning using 
LingoSnacks. The participants were satisfied with the system and they would like to use it again.  
In another experiment, grade 4 students from the same Arabic class were divided into two groups: one group only used 
traditional school classes and associated practice homework. The other group used LingoSnacks beside their school classes for 3 
weeks. Their teacher made available learning packages that are related to their lessons so that the content used in the learning 
activities is according to their lessons taken in class. After this, both groups of students were tested to assess their learning 
outcomes. The results indicated positive support for vocabulary acquisition. LingoSnacks users were able to increase their rate of 
vocabulary acquisition as the number of new vocabulary that they can recognize and recall was significantly greater that 
participants who just used conventional lessons in a classroom. Additionally, participants exhibited higher motivation to learn 
since the system is made up of easy-to-use game-like activities that attracts the learners with multimedia content that they can 
enjoy. This is a significant observation since motivation is an important ingredient in the learning process. 
For the usability evaluation of the LingoSnacks authoring tool, we asked 10 people to voluntary use the system to prepare some 
learning content. 7 of those people were Arabic teachers and were interested in Arabic learning. 80% of the users were satisfied 
and they liked the tool and the options available for them. Within a short period, they were able to learn how to use it by 
themselves without any help or prior training. They were very interested to use the tool because they felt that it gives them an 
easy way to prepare their own learning content. Two testers were not satisfied much with the authoring tool. They indicated that 
this will make the learning process more complicated. They prefer the learning applications with ready, pre-configured content. 
 Figure 7. Usability Evaluation Results 
Table 1. Participants Feedback on LingoSnacks Usability 
Question Avg. 
Rating 
1. Was navigating (moving) through the learning activities 
easy to understand and use? 
4 
3. Was the screen layout easy to follow? 4.5 
4. Was the screen layout consistent throughout? 4.5 
5. Overall, do you think the system was easy to use? 4.5 
6. Would you like to use the system again? 4 
7. Did learning using LingoSnacks increased the quality of 
your learning experience? 
5 
V. RELATED WORK 
Mobile Assisted Language Learning (MALL) is an active area of research and development [1]. The use of smart mobile devices 
has a major impact on how learning takes place in many disciplines and contexts, including language learning. Many solutions to 
support design, authoring and delivery of learning activities have been proposed. This section highlights the key related work and 
emphasizes the differences and similarities between our approach and the available similar works and tools. 
SpellingCity.com [2] is a website that offers interactive games and activities to learn English spelling and vocabulary. It 
provides voice instructions to help the learner to go with each activity. Furthermore, an immediate feedback is returned to the 
learner containing detailed explanation after each activity. Dynamo.dictionary.com [3] is another eLearning system for 
vocabulary acquisition. These two systems are similar to our system LingoSnacks except that our system focuses on Arabic 
language learning. One their major limitation is that they rely on Flash-based implementation which is not compatible with some 
widely used mobile devices. Additionally, the learning content in our approach is prepared by the instructor and some of it is 
semi-automatically generated using a collection Arabic NLP services. Another important difference is that our system targets 
smart mobile devices.  
The Ubiquitous English Vocabulary Learning (UEVL) system [5] is a system that is developed to help students to experience 
the Systematic Vocabulary Learning (SVL) process proposed by Brown and Payne in ubiquitous learning contexts. This SVL 
process mainly contains five phases: encountering, getting, understanding, consolidating, and using. The UEVL system is 
constructed using ubiquitous technology and near-synonyms and similar-looking (NSSL) technology, in addition to the use of 
video clips as learning material to provide the students visual real-world contexts. The ubiquitous technology can sense the 
situation of students and provide the appropriate learning material for them in real contexts, while the NSSL technology is used to 
find and define similar-looking words to increase students’ awareness of such words. This system has some similar points to 
LingoSnacks where it is developed to support learning vocabulary anytime and anywhere, and it uses videos as a learning aid. 
However it does not provide interactive learning activities for students to be engaged in as we have in our system. 
VI. DISCUSSION AND CONCLUSION 
This paper presented a mLearning system called LingoSnacks that was designed and implemented to help in delivering and 
accessing the learning content particularly for Arabic language learning. LingoSnacks system allows short sessions of 
microlearning during any brief opportunities that the student can have in the day. It also addressed the problem of dry content and 
boring traditional way of learning Arabic because it was designed and implemented as a solution to provide novel and enjoyable 
ways to learn Arabic using the multi-touch interactive games. 
Additionally, the platform facilitates authoring, sharing and exchange of learning content, where the instructor can prepare the 
learning content and the learner can use it in the different learning activities such as MatchIt sentence, MatchIt definition, 
Sentence Unscramble game, Parts of speech game, and the Flash cards.  
Our system has the potential to change the Arabic learning experience from a boring activity that we have to do to an 
enjoyable learning experience that the learner would enjoy doing. What LingoSnack does is that it packs the dry Arabic learning 
content and wraps it in game-like interesting learning activities enriched by relevant multimedia content. So, at the end, the 
process and the attitude towards learning the language will be positively changed.  
For future work, we will continue the system implementation, testing and usability evaluation. The system could also be 
enhanced to allow end-users to contribute content such as adding new words and definitions as well as relevant multimedia 
content. We also plan to explore adaptation models and mechanisms for adaptive and personalized learning to tailor the learning 
package to suit the learner situation based on their educational objectives and preferences, contextual information about the 
location and circumstances of the learner, and the computing and connectivity capabilities of the device. 
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